This paper takes advantage of the fact that some stocks trade both in domestic and international markets to characterize the degree of international financial integration. The paper argues that the cross-market premium (the ratio between the domestic and the international market price of cross-listed stocks) provides a valuable measure of international financial integration and the effectiveness of capital controls. Using Autoregressive (AR) models to estimate convergence speeds and non-linear Threshold Autoregressive (TAR) models to identify non-arbitrage bands, we document that price deviations across markets are rapidly arbitraged away and bands are narrow, particularly so for companies with liquid stocks. We also show that regulations on cross-border capital flows can effectively segment domestic markets: controls on outflows (inflows) induce positive (negative) premia that vary with the intensity of the controls.
Introduction
As part of the process of increasing international financial integration, countries have experienced in recent years a migration of stock market activity from domestic markets to international markets. By now, many countries have several firms simultaneously trading equity in domestic stock markets and international financial centers. The growth of international markets as a source for financing and trading is generating a wedge within countries between large, liquid firms and the rest, and is influencing domestic stock market development around the world. Emerging economies have been particularly affected by this process. 1 In this paper, we take advantage of this migration of stocks to international financial centers and the fact that two identical assets trade in domestic and international stock markets to study the degree of international financial integration and how it is affected by liquidity and the imposition of capital controls. To do so, we measure international financial integration through the lens of the law of one price (LOOP). This law stipulates that two markets are integrated when identical goods or assets are priced equally across borders. We analyze the percentage price difference displayed by the (underlying) shares in domestic markets and the corresponding depositary receipts (DR) in international markets (henceforth, the cross-market premium), controlling and testing for the presence of non-linearities.
The behavior of the cross-market premium provides a useful price-based measure of integration. If there are no restrictions to trading, the possibility of arbitrage implies that the prices of the depositary receipt and the underlying share would be equal, after adjusting for exchange rate and transaction costs. It follows that, in a fully integrated market, the cross-market premium should be approximately zero.
2 However, full integration of capital markets can be disrupted by several factors. Two of them are studied in this paper. First, liquidity affects the ability to perform arbitrage. For example, stocks may not be traded in all markets on a daily basis (i.e., stocks might be infrequently traded), or stock prices might be sensitive to the trading activity of particular investors because the market is not deep enough. Therefore, arbitrage activity might be hampered in the case of these non-liquid companies. Second, government controls on cross-country capital movement are also expected to affect the cross-market premium. To the extent that these controls are effective in limiting the ability to transfer funds (not securities) across borders, the cross-market premium would reflect the desire of investors to purchase the securities inside or outside the country, depending on the type of control.
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For example, controls on capital outflows would exert pressure on the underlying stock relative to the depositary receipt, since investors can purchase the security domestically and sell it (at a discount) in the international market, but without paying the tax to move funds outside the country. Conversely, controls on capital inflows would push up the relative price of the depositary receipts, as investors buy them abroad and sell them domestically, avoiding the tax to enter funds into the country. As such, the cross-market premium would reflect the effectiveness of capital controls and the price investors are willing to pay to hold a security that can be freely transferred across borders, when other restrictions are in place. 4 While the analysis of differentials in the pricing of DRs and the underlying shares has received attention for a while (see, among others, Eun et al. 1995, Alaganar and Bhar, 2001 , and Gagnon and Karolyi, 2004) , a systematic analysis of LOOP and its link to liquidity and capital controls, as studied in this paper, has been missing.
In our empirical estimations, we analyze systematically the distribution of daily cross-market premia since 1990 for a large set of stocks (98 in total) from nine emerging economies: Argentina, Brazil, Chile, Indonesia, Korea (South), Mexico, Russia, South Africa, and Venezuela. The paper uses two methodologies to examine financial integration through the convergence to LOOP by two identical assets trading in domestic stock markets and at the New York Stock Exchange. First, we use the more traditional 3 Errunza and Losq (1989) describe some other channels through which capital controls may affect asset prices. They argue that, from a global diversification perspective, capital controls impede investors to hold directly country-specific risk. This would affect the price of securities after controls are dismantled, due to the probable rebalancing of investors' portfolios towards more efficient ones. 4 Depositary receipts have been used recently to assess the impact of capital controls. Rabinovitch et al. (2003) attribute the persistence of return differentials between ADRs and stocks in Chile to the presence of controls. Melvin (2003) and Auguste et al. (2006) examine the large ADR discounts that built in the midst of the Argentine crisis in early , which Levy Yeyati et al. (2004 interpret as a reflection of the strict controls on capital outflows and foreign exchange transactions imposed at the time. We explore this hypothesis in more depth here.
autoregressive (AR) models to estimate the convergence speed of a shock to the crossmarket premium. Higher convergence speeds reflect a quicker convergence to LOOP by the underlying stocks and the DR, and hence stronger financial integration. Second, we use non-linear threshold autoregressive (TAR) models. Typical transaction costs such as brokerage fees, or control induced costs such as Chilean-type unremunerated reserve requirements (or, more generally, any tax-like control on capital flows), can be expressed as a percentage of the amount invested, that is, a discount that requires a compensating premium. TAR models implicitly characterize this premium by estimating at what point it is profitable to engage in arbitrage. Therefore, they provide a natural way to measure transaction costs-based segmentation in financial markets, and constitute a clear alternative for the more traditional AR models.
The view that a minimum return differential is required to induce arbitrage (hence, the non-linearities in cross-market premia) dates back, at least, to the work of Einzig (1937, p. 25) . 5 Einzig's point has been empirically tested by Peel and Taylor (2002) , who apply the TAR methodology to the weekly dollar-sterling covered return differentials during the interwar period. Obstfeld and Taylor (2002) replicate the exercise using monthly data. Obstfeld and Taylor (1997) use similar models to document the presence of non-linearities in the convergence process of international prices. In this paper, we calibrate TAR models to estimate no-arbitrage bands (that is, zones where deviations between depositary receipt and stock prices are not arbitraged away) and convergence speeds outside the band. We interpret both the band-width and the convergence speed as (inverse) measures of integration.
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The main results of this paper are the following. First, we show evidence of strong financial integration: the cross-market premium is close to zero, with rapid convergence 5 The importance of non-linearities in the behavior of asset prices has received ample attention in the literature. For example, Froot and Obstfeld (1991) construct a model in which government intervention leads to non-linearities in the pricing of the foreign exchange rate. Sercu et al. (1995) build a model with a no-arbitrage band for the nominal exchange rate around its purchasing power parity value. 6 Although TAR models have mostly been used in the PPP literature, more recently the model has also been applied to financial data. Rabinovitch et al. (2003) , for example, use a TAR model as an approximation for the arbitrage adjustment mechanism between the local and ADR markets for Argentine and Chilean stocks. Canjels et al. (2004) use a TAR model to study the efficiency of the dollar-sterling gold standard and provide insights into the evolution of market integration in the classical gold standard. In addition, several studies have applied TAR models to study the behavior of interest rates (Balke and Wohar, 1998 , Mancuso et al., 2003 , Juhl et al., 2006 .
to zero and very narrow no-arbitrage bands. Second, non-linear models seem to capture well the behavior of the premium, in line with the hypothesis of a no-arbitrage band due to transaction costs. Moreover, convergence speeds are slower when estimated by an AR model, and the difference with respect to the speed estimated by the TAR model is proportional to the band-width, as expected. Third, convergence speed is more rapid and the no-arbitrage bands are narrower, the more liquid a stock is. This suggests that large companies, the ones that typically have liquid stocks, are well integrated with the international financial system. Fourth, regulations on cross-border capital movement effectively segment stock markets, weakening arbitrage across markets. The presence of controls is directly reflected in the intensity of integration, in the form of wider bands and more persistent deviations (less rapid convergence when outside the band), except where controls are not binding. In all, the results show that arbitrage works well for liquid (typically large) companies from emerging economies that are fully integrated with the international financial system, but that this integration is easily disrupted as stocks become less liquid or governments introduce restrictions on capital movements.
Some additional contributions to the literature are worth mentioning here. The cross-market premium used in this paper offers a number of advantages as a measure of financial integration over many other measures proposed in the literature. First, it allows testing LOOP based on two truly identical assets, avoiding the problems generated by different index composition across countries. For example, stock market indexes are composed of assets with different degrees of liquidity and from different sectors, for which effective integration (and, as a result, the speed of convergence of prices in different locations) may differ. Second, the cross-market premium is free from the idiosyncratic risk related to default risk. In other words, depositary receipts do not involve different securities, but rather claims on the same stock of shares traded in the local market issued by the same company. The underlying shares move between the domestic market and the international market following arbitrage activity. Since the depositary receipt is a claim on the underlying share, holders of depositary receipts have the same legal rights as holders of equity and are entitled to the same cash flows. Third, because it is a market-based measure, no empirical model needs to be imposed on the data. Fourth, the measure is continuous and spans the range between complete segmentation and complete integration, capturing variations in the degree of integration that can arise, for example, from the introduction or lifting of investment barriers. Fifth, the measure is amenable to the use of TAR models. Linear models tend to understate the convergence speed when there are non-linearities in the data (the more so the wider the no-arbitrage bands). 7 Finally, the use of individual identical assets avoids any potential aggregation bias that working with indexes might induce.
8 By using the cross-market premium, this paper also extends the literature on price-based measures of international financial integration, which can be broadly divided into two strands. 9 A first one analyzes integration by estimating return correlations across markets. Although very useful to understand the scope for international risk diversification, this work is often based on a comparison of price indexes, which can be problematic (as discussed above). Furthermore, when based on capital asset-pricing models the studies of return correlations test simultaneously the extent of integration as well as the applicability of a particular model. 10 A second strand of the literature studies financial integration by testing LOOP in capital markets in various ways. 11 In response to the composition problem associated with price indexes, some papers specifically focus on the evolution of the premium of emerging market closed-end country funds over the value of their underlying portfolio. While free from the composition bias, these attempts fall short of comparing identical assets, as the restrictions and management of closed-end 7 See Imbs et al. (2003) for single-good price comparisons. 8 Imbs et al. (2005) argue that this bias explains the slow convergence to the purchasing power parity (PPP) literature. 9 In addition to price-based measures, stock-based measures of financial integration have spawned a large body of empirical work. A thorough survey of the vast literature on measuring financial integration far exceeds the scope of this paper. A comprehensive overview of the main operational measures of financial integration is provided by Obstfeld and Taylor (2002) and Prasad et al. (2003) , among others. 10 Studies based on stock market indexes include, among many others, Cashin et al. (1995) , Soydemir (2000) , Masih and Masih (2001) , Scheicher (2001), and Chen et al. (2002) . Capital asset-pricing models to test for market integration have been applied by Bekaert and Harvey (1995) , Bekaert et al. (2005) , and Carrieri et al. (2007) , among others. 11 Criteria such as the (covered and uncovered) interest rate parity, and the real interest rate parity conditions, are related to this group to the extent that they focus on the analysis of onshore-offshore return differentials (see, among many others, Meese and Rogoff, 1988 , MacDonald and Nagayasu, 2000 , and Chortareas and Driver, 2001 . Strictly speaking, however, these conditions are not LOOP tests, as they abstract from the potentially relevant role played by exchange rate and default risk. Note that, in the case of DRs, the price difference between the two stocks is not affected by expected exchange rate fluctuations, as arbitrage takes place almost immediately. This contrasts with interest rate parity conditions, which look at a much longer horizon.
funds distinguishes them from their underlying portfolio. 12 Alternatively, Froot and Dabora (1999) examine the price behavior of pairs of stocks of large Siamese twins (corporates that pool cash flows and fix their distribution) traded in different countries, and find that price deviations of these "nearly identical" stocks are habitat dependent.
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The remainder of the paper is organized as follows. Section 2 discusses the link between the cross-market premium and financial integration. Sections 3 and 4 discuss the data and methodology. Section 5 characterizes the behavior of the cross-market premium and studies how the premium is related to liquidity. Section 6 examines how controls on cross-border capital movement affect financial integration and to what degree the crossmarket premium provides a good measure of integration. Section 7 offers some concluding remarks.
The Cross-Market Premium
The cross-market premium is defined as the percentage difference between the dollar price of the stock in the domestic market and the price of the corresponding depositary Closed-end funds cannot be redeemed for the underlying shares, impeding perfect arbitrage. This introduces a distinction between the fund and the underlying portfolio, which is behind the persistent closed-end fund premium. This feature of closed-end funds contrasts with the case analyzed in this paper, in which full arbitrage can be easily performed and a much smaller price divergence is found. Many papers have been written on the closed-end fund puzzle in the U.S.; see for example Lee et al. (1990 and . Other papers focus on international closed-end funds, such as Schmukler (1998 and 2000) and Levy Yeyati and Uribe (2000) . 13 An example is Royal Dutch/Shell, which has two shares traded in different markets (Royal Dutch in Amsterdam and Shell in London). It is one firm, but as cash flows are split unevenly, the market value of Royal Dutch must theoretically be 1.5 higher than that of Shell. However, in practice, even though arbitrage is possible, the market value of both stocks has fluctuated far above and below the theoretical difference. One partial explanation for this phenomenon is that Royal Dutch was for a long time a member of the S&P 500 index, while Shell was not, implying that index funds tracking the S&P500 were forced to buy Royal Dutch, even when it was more expensive (Lamont and Thaler 2003 When assets can be transferred freely between the domestic market and the U.S., transaction costs are negligible, and the two markets close at the same time, arbitrage should be instantaneous and costless. If the return of the underlying stock is higher than the return of the DR, investors can make an instant profit by buying the DR, transforming it into the underlying stock and selling this stock. This will drive the price of the underlying stock down and the premium back to zero. The reverse story holds when the return of the DR is higher. In principle, the premium will be equal to zero. If a shock occurs too late during the day to be arbitraged away, closing prices will differ, but this difference will disappear quickly the next trading day. 14 In reality, however, there is no instantaneous and costless arbitrage. If an investor decides to transform underlying stocks into DRs and sell them in the U.S., he has to incur transaction costs. These typically include a broker's fee and a transaction fee to buy the underlying stock and transform it into the DR, plus a second broker's fee to sell the DR.
Additional transaction costs might be the cost of opening a bank account in the U.S. or a tax that needs to be paid to transfer the funds back to the domestic market. A U.S.
14 The same should apply to temporary non-zero premia due to differences in trading hours between the domestic and the U.S. stock market.
investor would face similar transaction costs. Furthermore, since settlement in equity markets typically takes place a number of days after the transaction, there is also a foreign exchange risk unless the stock trade is matched with a forward exchange rate contract. These transaction costs incurred include both fixed as well as variable costs.
While the fixed costs can be dwarfed by increasing the transaction size, the existence of variable costs can generate a "no-arbitrage band" within which price deviations are not large enough to induce arbitrage. Higher (variable) transaction costs induce the widening of the no-arbitrage band and, thus, weaker integration.
Data
To analyze the behavior of the cross-market premium, we start from a representative sample of emerging economies around the world that offer stocks with a long history of DR listings. These are Argentina, Brazil, Chile, Indonesia, Korea (South), Mexico, Russia, South Africa, and Venezuela. Most of these economies experienced the introduction (or lifting) of capital controls during the sample period.
We restrict our attention to stocks that are publicly traded both domestically and either on the NASDAQ or the New York Stock Exchange (NYSE) (the so-called level 2 and level 3 ADRs). From this set, we exclude the following stocks: (i) stocks that have less than two years of data (to impose some minimum data requirement), (ii) stocks for which the DR or the underlying security never trades (that is, we exclude stocks that always trade just on the domestic or the New York market, for which we would not be able to compute the cross-market premium), and (iii) stocks that present irregular patterns in the time series (like stocks that display large unexplained shifts in trading volume).
Aside from these criteria, we impose a minimum number of observations to estimate reliably the AR and TAR models; namely, stocks that have at least 100 and 500 observations for the AR and TAR estimates, respectively. This selection process leaves us with 98 stocks to compute AR estimates and 78 stocks to compute also TAR estimates.
We collect data since 1990. For all countries, we have data up to 2004. However, for the case of Argentina, we also use data up to 2007 (in a separate section), to take into account the changes in the capital controls regime.
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For all our results, we use observations that exhibit contemporaneous trading, that is, observations corresponding to dates when trading takes place in both markets (the domestic market and New York). The decision to exclude other observations is a critical one given that many DRs from emerging economies display infrequent trading. While trading frequency per se should not be a concern for our purposes, adding noncontemporaneous trading can substantially alter our results (an issue that has been typically overlooked by the literature). The inclusion of observations with no trading in one of the markets may create variations in the cross-market premium that are entirely due to the fact that, in the absence of trading, the last traded price is repeated for nontrading days. In those cases, price disparities would reflect non-trading activity prices (specifically, valuations corresponding to different points in time) rather than differential valuation at the same time (the concept underlying the definition of the cross-market premium).
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In principle, one could argue that, for the non-contemporaneous trading observations, the premium is not arbitraged away because it belongs into the no-arbitrage band. If so, these observations would provide information about the band and should therefore be included in all our estimations; failing to do so would tend to understate transaction costs. However, the last traded price is generally not the contemporaneous (bid or ask) quote that a potential arbitrageur could actually trade on: if he/she were to profit from the price difference by buying in one market and selling in the other, he/she would find a different (probably narrower) cross-market premium. It follows that the inclusion of days with trading in only one market would tend to overstate transaction costs, the more so the higher the prevalence of these observations.
In light of this two-sided risk, we deliberately adopt a conservative approach and choose to include only contemporaneous trading days in most estimations. However, for 15 Appendix Table 1 reports the companies that are included in the respective portfolios and the period for which the premium is calculated. Note that only a very limited number of stocks traded in the early 1990s. In the vast majority of countries, firms did not cross-list through ADRs prior to 1994 or even later. 16 On the other hand, when there is trading in both markets during the day, the cross-market premium for that day should closely reflect the contemporaneous transaction costs.
completeness, we use all days (not jut the contemporaneous trading days) to compute the AR results in the first part of the paper, and show that our findings hold.
The data needed to calculate the premium (the dollar price of the stock in the domestic market, the price of the DR in New York, and the number of underlying shares per unit of the depository receipt) come from Bloomberg. For Argentina, Brazil, Chile, and Venezuela we use the closing price both in the domestic market and in New York.
For Asian markets, which are already closed when New York opens, as well as for Russia and South Africa, we use instead the closing price (and the exchange rate) in the domestic market and the opening price in New York, to keep distortions due to time differences to a minimum. 
Methodology
Financial integration through the law of one price can be measured using two models.
The first consists of a traditional autoregressive (AR) model. Higher convergence speeds reflect a quicker convergence to LOOP and hence stronger financial integration. We estimate the half-life of shocks applying the Augmented Dickey-Fuller model, with one autoregressive component and other lagged differences. We use the parameter of the autoregressive factor to calculate the half-life, which also takes into account the other lags. The half-life is calculated as ln(0.5)/ln(1-beta). The model includes GARCH effects to account for the heteroskedasticity prevalent in the data. Lags are included so that no serial correlation or heteroskedasticity is present in the residuals.
The second type of model we apply is the non-linear threshold autoregressive (TAR) model. The existence of (variable) transaction costs implies that two different regimes exist, an arbitrage and a no-arbitrage regime. If the difference between the two prices is smaller than the transaction costs, arbitrage will not take place and the difference can persist. However, when a shock in either of the two markets results in a difference 17 Asynchronous trading hours always present a problem when studying comovements of equity prices in different countries and are dealt with in different ways. For example, Bracker et al. 1999 use leads and lags to account for asynchronous trading when studying the comovement of daily returns of ADRs and their underlying stocks. Karolyi and Gagnon (2004) use as control variable the number of time-zones that separate markets when testing whether the return differential between the underlying stocks and the ADRs differs from zero. Pasquariello (2007) uses weekly returns instead of daily returns to limit the impact of asynchronous trading. Other studies (e.g. Yang, 2007) use open and close prices to account for asynchronous trading hours. between the two prices that exceeds the transaction costs (that is, the premium is outside the no-arbitrage band), it will trigger profitable arbitrage trades that would elicit a strong pressure on the premium to go back inside the band. 18 In other words, theoretically there will be a no-arbitrage regime, where the persistence is high, and an arbitrage regime, where there exists pressure on prices to converge. As the TAR model assumes a discrete change in the AR process once a certain threshold is crossed, this model provides a natural choice to characterize the type of regime changes that we expect to be prevalent in the DR market. To the extent that high transaction costs, and hence a broader band of noarbitrage, are associated with a lower level of financial integration, the estimated width of the no-arbitrage bands provides a measure of effective integration.
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The TAR model was first proposed by Tong (1978) and further developed by Tong and Lim (1980) and Tong (1983) . Its main premise is to describe the datagenerating process by a piecewise linear autoregressive model. A TAR model works by estimating regime-switching parameters as a function of the distance of an observation from the mean.
As we expect, a reversion back to the band (and not back to the mean) once outside the no-arbitrage regime, we estimate a so-called Band-TAR model first used by Obstfeld and Taylor (1997) , to which we introduce two modifications. First, we correct for the presence of serial autocorrelation using a Band-TAR adaptation of the Augmented Dickey-Fuller test. Second, the residuals are corrected for GARCH effects to account for the heteroskedasticity prevalent in the data.
The resulting specification is the following:
( ) 
This model is known as the TAR(k,2,d), where k is the arbitrary autoregressive length, 2 is the number of thresholds, and d is the arbitrary delay parameter (also called the threshold lag). We assume that the thresholds are symmetric and that the dynamics of the process outside the threshold are the same regardless of whether there exists a premium or a discount. Furthermore, we set d equal to one. in β and out β reflect the convergence speed in the no-arbitrage and arbitrage regimes, respectively. We assume that the constants in both regimes are zero. For each country, we estimate a different model, where k, p, and q are set in such a way that the residuals do not contain any serial correlation or heteroskedasticity up to lag 10 (p is the number of ARCH terms and q is the number of GARCH terms).
The model is estimated following the procedure described in Obstfeld and Taylor (1997) . The estimation proceeds via a grid search on the threshold, which maximizes the log likelihood ratio LLR=2(La-Ln). This implies that, for every given threshold, the maximum likelihood estimation of the TAR model amounts to an OLS estimation on 
The Null is an AR(1) model and Ln is its likelihood function similar to La. It is important to make clear that the significance test described above has the important limitation of low power. As shown by Johansson (2001) , the probability that the TAR model is mistakenly rejected is high. The method introduced by Hansen (1997) and used, for example, by Imbs et al. (2003) is based on a Wald statistic and is not useful for our purpose as heteroskedasticity in our data is strong (as is common for high frequency financial data). As a result, our best approach is to use the test described above, but to take a rejection of the TAR model with caution. Nonetheless, since we also run all our estimations using a simple AR model, we can easily verify that the conclusions are not model-dependent. 
The Cross-Market Premium and Financial Integration
In this section, we study the behavior of the cross-market premium during "tranquil"
(non-crisis) times, in the absence of capital controls. The Appendix explains the methodology used to identify crisis episodes. The results using just the crisis periods are reported in the working paper version of this paper, Levy Yeyati et al. (2006), since those merit a separate analysis. Capital control periods are easier to single out, and are described in the next section. Table 1 presents a first glance at the data, where we show summary statistics of the simple average of the cross-market premium of the stocks in each country's portfolio.
A positive premium implies that the price of the underlying stock is higher than the DR price. The upper panel shows the summary statistics of the premium calculated for all days in the sample period. The bottom panel shows summary statistics of the crossmarket premium based on days for which there is contemporaneous trading in both markets. The table shows that the country average premium is in general close to zero.
The largest average premium is in Korea, with 1.69 percent followed by Mexico with 1.23; in all other cases, this number is below one percent. The summary statistics of all stocks shows a mean premium of 0.53 percent, with a standard deviation of 0.74.
Naturally, the premium when all days are included should be higher than the one when only days with contemporaneous trading are taken into account, as the former includes observations when we know that active arbitrage does not take place. Table 1 shows that, for contemporaneous trading days, the premium is on average 0.12 percent for all stocks and the standard deviation is 0.73 percent. 22 Especially in countries where a relative large part of the stocks are characterized by limited trading in either the domestic market and/or in the United States, like Mexico and Brazil, we see a sharp decrease in the average premium and its standard deviation when only contemporaneous trading days are included in the sample. In other words, the summary statistics suggest that including information based on non-contemporaneous trading day activity creates a downward bias in the magnitude of financial integration.
To complement the evidence presented in Table 1 , Figure 1 displays the difference in the behavior of the premium of a firm with several days without contemporaneous trading and that of a firm with only contemporaneous trading days. In the first case, the premium oscillates around zero but with a wide standard deviation (top panel). Due to the infrequency of trading in either stock or both stocks, there are periods with no arbitrage pressure, in which the premium can diverge from zero for a long time.
In the second case, the premium oscillates around zero with a small standard deviation (bottom panel).
AR and TAR Estimates
To formally examine the extent of financial market integration through LOOP, we estimate AR models for each stock, both using only contemporaneous trading days and all days in the sample period. Table 2 provides the country averages of these results.
Taking both contemporaneous and non-contemporaneous trading days into account the average half-life ranges from 0.73 in Argentina to 2.70 in Mexico. Including only contemporaneous trading days, the average half-lives tend to be substantially lower in the majority of countries. These results show again that including non-contemporaneous trading days in the estimations produces a downward bias in the magnitude of financial integration.
We next estimate the TAR model using a grid-search on the threshold, as described in Section 4. In Table 3 , we provide a summary of our findings. The table provides the country average of the estimated TAR thresholds and the implied half-life associated with out β . For comparison, we also show the implied half-life for the standard AR model. Both models are estimated using only contemporaneous trading days. The estimates for the individual stocks are reported in Appendix Table 2 .
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The results confirm our priors. The average band of no-arbitrage ranges from 0.11 percent in Russia to 0.68 percent in Venezuela. This implies, in particular, that the crossmarket premium in Venezuela can move, on average, between -0.68 and 0.68 percent without arbitrage taking place in the market. Once outside the inaction-band, arbitrage takes place very rapidly: the typical half-life is less than a day. It is important to note that these results do not imply that Russia is more integrated with the U.S. than Venezuela. As shown in the next section, deviations from the law of one price are affected by stock liquidity. Thus, to study the relative integration of different countries one has to compare stocks with similar liquidity, a comparison difficult to make with our sample.
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If non-linearities are present in the evolution of the cross-market premium, convergence speeds should be slower when estimated by a linear (AR) model than those obtained from the TAR model, as is indeed the case. Moreover, the wider the band-width, the higher the persistence estimated by the linear model, as Figure 2 shows. Additionally, the difference between the half-life estimated by the AR, and that obtained from TAR models outside the band, is itself proportional to the linear half-life. These results, which provide further evidence of how the presence of non-linearities influences the results from a linear estimation, are consistent with similar tests reported by Imbs et al. (2003) for goods markets. Appendix Table 2 (last column) shows, at the stock level, the results of the significance tests of the TAR versus the AR model. The P-values of the LLR suggest that in 31 percent of the cases the TAR is the preferred model. However, as explained in the previous section, this test has low power, so it is difficult to conclude that the TAR model should not be used. 25 In fact, the evidence from Figure 2 suggests how the presence of non-linearities might affect linear estimations.
Integration and Liquidity
One would expect the bands of no-arbitrage to widen as liquidity declines, to the extent that investors incorporate a liquidity risk premium as an additional transaction cost. 26 To see whether this is indeed the case, we examine how the AR half-lives and the TAR band-width and half-lives are associated with the liquidity of the stock. We use two measures of liquidity, one based on trading value, the other one on trading frequency. 27 In the first case, liquidity is measured as the log of the average of the mean value traded of the underlying stock and the DR. The second measure defines liquidity as the number of contemporaneous trading days (i.e. the number of days both the underlying stock and the DR were traded) over all days during the sample period. Furthermore, the lower panels show that band reversion, once outside the no-arbitrage regime, takes place more slowly (half-lives are longer) for illiquid stocks. 30 In sum, the size and persistence of the deviations from LOOP appear to be higher (integration appears to be weaker) as the liquidity of the stock declines: illiquidity adds to transaction costs and weakens financial integration.
27 See Levine and Schmukler (2006) for alternative measures of liquidity and their close relation with value traded. 28 These results are robust to including market capitalization of the stock as an additional control variable. 29 As was previously the case, the TAR model was estimated using only contemporaneous trading days. 30 Again, results are robust to including market capitalization as an additional control variable.
Time-Varying Financial Integration: Capital Controls
The imposition of controls on cross-border capital movements increases transaction costs and tends to break down LOOP. For this reason, capital controls provide a natural test of the cross-market premium as a measure of the intensity of financial integration. This section centers on how the behavior of the cross-market premium differs when controls are introduced, and how this behavior depends on the nature of the control. 31
Capital Controls and the Cross-Market Premium
In the presence of controls on capital outflows, an international investor seeking to buy the DR to sell the underlying stock would need to repatriate the proceeds from this sale and incur a cost κ . Conversely, when controls on inflows are in effect, purchasing the underlying stock to sell the DR would require paying an inflow cost λ .
Thus, as quantitative controls on outflows increase in effective intensity ( ∞ → κ ), the potential deviation of local stock prices relative to DRs increases proportionally: binding controls on outflows would elicit a large cross-market premium. Similarly, controls on inflows would introduce a negative cross-market premium, as they inhibit international investors to profit from relatively low domestic prices. In sum, controls on outflows (inflows) increase the upper (lower) boundary of the no-arbitrage band, keeping the other boundary unchanged, and causing the premium to be, on average, positive (negative).
Capital Controls: What and When?
First, it is important to define what we understand by capital controls and how we identify the periods when they are in place. Capital control periods are relatively easy to detect. Governments impose them through regulation. 32 Moreover, a number of public 31 We only look at controls that directly affect the possibility of arbitrage when they actually restrict the movement of capital across borders. It is difficult to control for the expectations of future capital controls, but given that arbitrage is very rapid, we believe this aspect should be negligible for our computations. For example, the cross-market premium in Argentina became positive only when the country restrictions on capital outflows were actually imposed, even though they were largely anticipated (Schmukler and Serven, 2002) . 32 In practice, de jure capital controls create price differences only when they are de facto binding (the cross-market premium identifies those cases). Otherwise, their presence is de facto immaterial.
institutions document them. Appendix Table 3 describes the capital controls imposed in each of the countries we study. One salient feature from this table is that capital controls differ by intensity, across countries and over time. Another relevant aspect is the difference in the type of control, the most notorious one being between controls on inflows (typically used to discourage short-term inflows) and those on outflows (to prevent the capital flight in the midst of a crisis). We focus our attention solely on controls that may affect the cross-market premium. In August 1998, with the markets in turmoil and the Chilean peso under attack, the controls were finally lifted.
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Controls in South East Asia took a different form, typically involving quantitative limits on foreign ownership. Indonesia had a 50 percent limit on foreign investments in place when the first DR started trading; this restriction was lifted in September 1997.
However, a ceiling on foreign investment would not affect arbitrage by foreign investors as long as foreign participation is below the 50 percent limit. There is some casual evidence on this: foreign ownership of publicly listed companies in Indonesia was 30 percent in 1993 and 25 percent in 1997 (Asian Development Bank, 2000) . Also in Korea, 33 While capital controls are imposed and lifted with varying financial conditions, they do not seem to be endogenous to the behavior of the cross-market premium. Governments have tended to impose capital controls on outflows to reduce capital flight, and controls on capital inflows to prevent exchange rate appreciations, rather than as a response to stock market fluctuations. Moreover, as Appendix Table 3 shows, controls are not always imposed (or lifted) around crises. 34 In fact, the URR was set to zero, but the mechanism was left in place until it was finally eliminated in 2002.
a ceiling on the share of foreign investor ownership was in effect. For most stocks, this ceiling was lifted in May 1998; however, for a number of stocks it has continued to be in place. Cross-listed stocks using DRs faced an additional restriction: until January 1999, the conversion of underlying shares into DRs was severely restricted (e.g. approval was needed by the issuing company's board). In November 2000, Korea changed its regulations so that underlying shares could be converted into DRs without board approval, as long as "the number of underlying shares that can be converted into DRs" is less than "the number of underlying shares that have been converted from DRs." 35 For four of the stocks in our country portfolio (SK Telecom, Kepco, Posco, and KT Corp) this rule has often prevented arbitrage to take place: in effect, these stocks still face controls on capital inflows. The other two stocks in our portfolio (Kookmin Bank and Hanaro Telecom), however, were unaffected by the rule during the period covered by our sample, so that controls were effectively not in place. To accommodate for this difference in the incidence of controls, we divide Korean stocks into two groups: restricted and unrestricted. Furthermore, we divide the control period of Korea into three distinct subperiods. The first one, referred to as very restrictive, lasts until January 1999. The second period, called restrictive, lasts from January 1999 until November 2000, when free conversion was allowed but conditioned by the rule. The third period, less restrictive, goes from November 2000 to the end of the sample period.
In South Africa, the dual exchange rate system adopted in 1979, and temporarily abandoned in 1983, effectively worked as a control on capital outflows. This system was abolished in March 1995. Venezuela experienced two episodes of controls on capital outflows. The first one started in June 1994 and lasted until May 1996. A new set of controls on outflows was introduced in January 2003, and was still in place at the end of the sample period.
Summary Statistics
Figure 5 displays the evolution of the simple average of the cross-market premium of all stocks selected for each country. For the particular case of Korea, we include two graphs:
one including stocks that have been subject to restrictions over the whole sample period, 35 See the Financial Supervisory Service's Regulation on Supervision of Securities Business, Article 7-9.
and one including only the unrestricted stocks. Moreover, the control period in Korea is divided into three sub-periods, to reflect the fact that the severity of restrictions lessened during the sample period as explained above. Figure 5 shows that during no-control periods the cross-market premium oscillates around zero. Indeed, in countries where no controls were introduced during the sample period (Brazil, Mexico, and Russia) the premium never diverges from zero for an extended period. By contrast, the average premium turns positive in periods when capital outflows are restricted (Argentina, South Africa, and Venezuela) and negative in periods of controls on inflows. As expected, the exception is Indonesia, where the limits on foreign participation appear to have been non-binding at the time, and where domestic investors could still do the arbitrage pushing the cross-market premium towards zero. By contrast, in Korea, where a similar ceiling is combined with a rule restricting the convertibility of the DRs, arbitrage is impeded regardless of whether the ceiling is binding. The evidence that the discount is much lower in Chile than in Korea, on the other hand, directly reflects the different nature of the restrictions: quantitative limits that prevent arbitrage in Korea, and an implicit tax that weakens arbitrage in Chile. Note that the Chilean "tax" on inflows effectively increases the price of the underlying stock, which should therefore fluctuate around the average value of the tax from the investor's standpoint. According to the figure, that is roughly two percent. Table 4 displays summary statistics of the average cross-market premium during no-control and control times. 36 The table complements Figure 6 . The presence of controls on outflows is associated with a sizeable positive premium, ranging from 6.4 percent in the case of Argentina to over 50 percent in the case of Venezuela. By contrast, controls on inflows are characterized by a substantial discount, ranging from -2.1 in Chile to -31.2 percent in the period of most restrictive controls on inflows in Korea. 37 The only exception is, again, Indonesia, where the small positive premium is associated with the presence of controls on inflows.
36 For Korea, the statistics are derived from the average premium of the unrestricted stocks (no-control period) and the average premium of the restricted stocks (control periods). 37 The differential impact across countries of controls on the magnitude of the premium can be the result of several factors, among them the exact type of control. However, a thorough assessment of the precise drivers is beyond the scope of this paper.
In addition, a comparison with no-control times shows that the volatility of the premium increases significantly during control periods, as expected. In particular, the volatility and the mean of the average premium are positively correlated. Thus, the volatility is, to a large extent, proportional to the premium generated by the controls, in line with the view that the latter induce a zone of inaction that allows for wider (and more persistent) deviations from LOOP. In the following sections, we explore this preliminary evidence more closely.
Integration during Control Periods
For the AR model, we expect the persistence to be much higher when controls on inflows or on outflows are in place. Furthermore, we examine whether the control period affects the volatility of the premium. To identify the impact of controls on the premium, the AR model is specified as follows: 
is a dummy equal to one during the control period and zero otherwise. k is the autoregressive length, p the number of ARCH terms, and q the number of GARCH terms.
For each stock, a different model is estimated, in which k, p, and q are set in such way that the residuals do not contain any serial correlation or heteroskedasticity up to lag 10.
While we expect persistence to be positively affected by both controls on inflows and outflows, we expect the impact on the band of no-arbitrage to differ between the two types of controls. When (binding) controls on capital outflows are introduced, the premium can become positive as the upper band of no-arbitrage becomes larger, while the lower band is unaffected by the controls. In the case of controls on inflows, we expect to observe exactly the opposite.
For each stock in the portfolio that was traded during a period of controls, we estimate the TAR model in the following way. First, the model is estimated for the nocontrol period. Next, a TAR model is estimated for the control period, setting the threshold of the no-arbitrage band that should not be affected by the introduction of the controls equal to the value estimated for the no-control period, and estimating the remaining threshold. Thus, the impact of controls should be reflected in an asymmetric widening of the band.
38 Table 5 mixed results: the average shows only a slight widening of the band under the control period, which is driven by one of the two stocks in the portfolio. 38 Estimating both thresholds simultaneously in a precise way is exceedingly difficult. Given the variations in the data during the control periods and the length of the time series, several of the models would fail to converge. More critically, on theoretical grounds, we expect only one band to vary when controls on capital inflows or outflows take effect; there is no reason for the other band to be different. Note, however, that the band is not imposed to be asymmetric; the estimated band could be equal to the band estimated during the no-control period. 39 For Korea, we cannot make a comparison between no-control and control periods on a stock-by-stock basis as the restricted stocks have been restricted over the whole sample period, while the group of unrestricted stocks did not experience a period of controls. Furthermore, the TAR model cannot be estimated for the stocks in the portfolio of Venezuela due to the limited number of contemporaneous trading days in the control period. 40 The results for individual stocks in each country are comparable. The estimations are available from the authors upon request.
Case Study: Argentina 2000-2007
To To take advantage of this unique situation in which one country introduced both types of controls, we extended the sample period for Argentina until June 2007. 41 Figure   6 shows the evolution of the average premium for Argentina over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] .
As expected we see that the premium oscillates around zero in no-control periods, becomes positive when controls on outflows are present, and slightly negative when controls on inflows are in effect. Indeed, when looking at the summary statistics (upper part of Table 6 ) the mean of the premium in the no-control period equals 0.32, during controls on outflows the average premium amounts to 5.97, while in the control on inflows period the average premium is negative at -0.62. The evidence that the premium resulting from the controls on outflows is much higher than the discount characterizing the control on inflows is a direct reflection of the type of control: qualitative controls on outflows preventing arbitrage and an implicit tax on inflows weakening arbitrage.
To examine further the impact of controls on financial market integration, we estimate AR and TAR models for the three different periods (Table 6 , lower panel). The AR model is very similar to model (4) except that in this case two control dummies are introduced: one to capture the impact of controls on outflows on the persistence of a shock and another one to capture the impact of controls on inflows. The results, presented 41 To keep the number of stocks constant over the sample period, we only use stocks that were traded over the entire sample period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . These are BBVA Banco Frances, IRSA Inversiones y Representaciones, Petrobas Energia, Telecom Argentina, and Transportadora de Gas del Sur.
in the bottom part of Table 6 indicate that, as expected, the persistence of a shock is much higher in the control period.
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In addition, we estimate a TAR model to see whether the band of no-arbitrage is affected by the introduction of controls. We use the same procedure as highlighted in the pervious section. First, the model is estimated for the no-control period. Next, the model is estimated for both control periods, where the lower (upper) band is set equal to the value estimated in the no-control period in the case of controls on outflows (inflows). The results confirm our previous findings: the upper band increases when controls on outflows are in effect, and the lower band increases (becomes more negative) when controls on inflows are present. 43 Furthermore, although the persistence is highest during the control on outflows, when non-linearities are taken into account, the half-life once outside the band of no-arbitrage is almost equal for both types of controls.
Conclusions
This paper exploited the fact that firms from emerging economies simultaneously trade their stocks in domestic and international stock markets to assess the degree of financial integration and to analyze what factors can affect it. In particular, the paper studied international integration through the lens of LOOP, captured in the cross-market premium between two identical assets. This measure is free from the comparability and aggregation problems that characterized previous attempts to gauge the extent of financial integration. We performed the estimations using linear AR and non-linear TAR models.
Our estimates suggest the presence of non-linearities in the behavior of the cross-market premium, in the form of no-arbitrage bands driven by transaction costs.
We found that integration is stronger for more liquid stocks. For those stocks, transaction costs (including the associated liquidity risk) are likely to be smaller. This result suggests that liquid firms (typically large ones) are firms that can integrate well and can potentially benefit the most from the internationalization process, since investors tend 42 Note that the average AR half-life is different than the one presented in Table 5 . This is because the sample period is different, the number of stocks in the sample is smaller, and the estimated model includes a second control dummy. 43 The change in sample period and the smaller number of stocks in the sample explain why the TAR estimates for the no-control and control (on outflows) periods are different from the ones shown in Table 5 .
to demand a liquidity premium to hold firms for which arbitrage is relatively expensive.
This result adds fresh evidence to the research that looks at firm-level data related to financial globalization (particularly at the differences within countries between firms with and without international activity), by studying the behavior of firm attributes such as trading activity, valuation, and capital structure. All that research along with the results presented in this paper suggest that the degree and effects of international financial integration vary substantially across countries and firms. Large, liquid firms are more connected to the international financial system than small, illiquid firms, and can potentially benefit the most from the internationalization process.
The paper also showed that the cross-market premium reflects accurately the effective impact on international arbitrage of controls on cross-border capital movement.
Controls do affect the size and persistence of deviations from LOOP. In other words, regulations on capital movement prevent investors from engaging in arbitrage activity, raising the costs of shifting funds across borders. These controls have been used frequently to prevent crises and inhibit capital outflows once crises occur. The paper showed that those controls, even when they do not fully preclude cross-border flows, appear to work as intended and segment markets in practice. Indeed, it is only in the presence of these flows (and in proportion to their intensity) that the controls are reflected in the cross-market premium: de jure restrictions should induce a cross-market premium only when they are binding.
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Ultimately, this paper provided a direct measure of de facto integration, through which the effectiveness of restrictions on capital movement and the impact of factors (such as liquidity) that affect financial integration can be assessed more precisely. In addition, it offers a simple but accurate gauge of the effectiveness of capital controls, still a highly debated and topical issue, particularly now that many developing countries are adopting (or pondering) capital controls as a way to mitigate the appreciation of their exchange rates. 44 Effectiveness here is understood as the success in producing the desired market segmentation. Whether or not this segmentation is beneficial to the economy is an altogether different question that exceeds the scope of this paper.
Appendix: Crisis periods
Crises times are difficult to pin down because of the lack of an uncontroversial operational definition of crises. The literature has applied different methodologies using various ad-hoc criteria to identify crises. For our purpose, it is essential to determine accurately the beginning and the end of the crisis. To do so, we follow the approach adopted by Broner et al. (2004) and use the exchange market pressure (EMP), computed as the weighted average of the daily changes in the interest rate and the log difference of the exchange rate, as a measure of financial pressure. This approach allows us to distinguish country-specific crisis periods without resorting to the use of ex-post data.
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The crisis periods in the respective countries are determined as follows. First, we construct a series of EMP volatility, measured as the 15-day rolling standard deviations of the EMP. A crisis initiates when the EMP volatility exceeds a threshold level and remains above that level for at least four weeks, where the threshold is defined as the mean of the EMP volatility plus one standard deviation, computed for each country over the period covered by the sample. A crisis ends if the EMP volatility declines below the threshold and remains there for three months (in which case, the end date coincides with the date of the initial decline). The exchange and interest rate series come from Bloomberg and Datastream. The interest rates used vary according to data availability (in all cases, we verify that all available market-determined interest rates behave similarly over the sample period). 46 The working paper version of this paper, Levy Yeyati et al.
(2006), reports the crisis periods identified by our methodology. 45 The weights are equal to the reciprocal of the standard deviation of the respective variables. Ideally, one would also like to include the change in reserves; unfortunately, these data are not available on a daily frequency for the countries in our sample. Table 1 The table shows summary statistics for the cross-market premium. The cross-market premium is defined as the percentage difference between the dollar price of the stock in the domestic market and the price of the corresponding DR in New York. The countries' summary statistics are the simple average of the premium of the stocks in each country's portfolio. "All Stocks" reflects the simple average of all the stocks in the sample. In the top panel, statistics are based on all observations of the premium within the sample period. In the bottom panel, statistics are based only on the days on which both the underlying stock and the DR are traded, the contemporaneous trading days. Table 3 This table reports the per-country average half-life based on AR and TAR models, considering only the days where both the underlying stock and the DR were traded. The country estimates correspond to the simple average of the AR half-lives and TAR thresholds and half-lives of all the stocks in each country's portfolio. "All Stocks" is the simple average of the half-lives and thresholds of all stocks in the sample. Half-lives are equal to ln(0.5)/ln(1-beta 
By Country
The table compares the summary statistics of the cross-market premium over no control and control periods for the subsample of countries that experienced a period of capital controls. The cross-market premium is defined as the percentage difference between the dollar price of the stock in the domestic market and the price of the corresponding DR in New York. The countries' summary statistics are based on the simple average of the cross-market premium of the stocks in each country's portfolio. The pooled data contain these country averages. In the case of Korea, the summary statistics for the tranquil period are derived from the average cross-market premium of the unrestricted stocks and the ones for the different control periods are derived from the average cross-market premium of the restricted stocks. For Korea, three control periods are distinguished. Table 5 The table shows AR and TAR estimates comparing no control and control periods for the subsample of countries that experienced a period of capital controls. The AR estimates reflect the simple averages of the estimated half-lives and volatility for the stocks in each country's portfolio that are traded during the time controls were in effect. "Volatility" in the AR model reflects the impact of the control period on the conditional variance. The TAR estimates reflect the simple averages of the estimated thresholds and half-lives for the same stocks. "Thres-Up" refers to the upper threshold estimated by the TAR model and "Thres-Low" refers to the lower threshold. In the no control period, both thresholds are assumed to be the same. In the control period, the threshold that should not be affected by the controls (the floor in the case of controls on outflows and the ceiling in the case of controls on inflows) is set equal to the value estimated in the no control period. Thresholds are expressed in percentage terms. Half-life of the TAR model implies the half-life of a shock when outside the band of no-arbitrage. Half-lives are equal to ln(0.5)/ln(1-beta). Both AR and TAR models are corrected for heteroskedasticity and serial correlation. Non-Linearities in the Evolution of the Premium The scatters show the partial regression plots from regressing the estimated AR half-life on stock liquidity, country dummies and a constant. In the left-hand side scatters, liquidity is measured by the trading value which equals the log of the average of the mean value traded of the underlying stock and the DR. In the right-hand side scatters, liquidity is measured by trading frequency calculated as the ratio of the number of contemporaneous trading days to the total number of days during the sample period. In the top panel, the half-lives are estimated taken into account all days in the sample period; in the bottom panel, only days in which both the underlying stock and the DR are traded are used. Half-lives are equal to ln(0.5)/ln(1-beta). The trendlines represent the regression estimates, t-values are presented in parentheses. (-1.20) The scatters show the partial regression plots from regressing the estimated threshold and TAR half-life on stock liquidity, country dummies and a constant, respectively. In the left-hand side scatters, liquidity is measured by the trading value which equals the log of the average of the mean value traded of the underlying stock and the DR. In the right-hand side scatters, liquidity is measured by trading frequency calculated as the ratio of the number of contemporaneous trading days to the total number of days during the sample period. Half-life implies the half-life of a shock when outside the band of no-arbitrage and is equal to ln(0.5)/ln(1-beta). The trendlines represent the regression estimates, t-values are presented in parentheses. The graphs show the simple average of the premium of all the stocks in the portfolio of each country. The premium is defined as the percentage difference between the dollar price of the stock in the domestic market and the price of the corresponding DR in New York. As explained in the main text for Korea we include a graph showing the average premium of restricted stocks and one for unrestricted stocks. For the restricted stocks three control periods are distinguished. The first (highly restrictive) period lasts until January 1999, the second (medium restrictive) period from January 1999 until November 2000, and the third (low restrictive) period from November 2000 onwards.
Cross-Market Premium per Country
The shaded areas indicate control periods. The graph shows the behavior of the simple average of the premium of Banco Frances, IRSA Inversiones y Representaciones, Petrobas Energia, Telecom Argentina, and Transportadora de Gas del Sur over the period 2000-2007. The premium is defined as the percentage difference between the dollar price of the stock in the domestic market and the price of the corresponding ADR in New York. The dark shaded area indicates the control on outflows period and light shaded area the control on inflows period. 
Brazil

AR and TAR Estimations -All Stocks
Appendix Table 2 The table shows AR and TAR estimates for all stocks in each country's portfolio for the tranquil period. AR models are based on all observations of the premium within the sample period (fourth column) and exclusively use observations of the premium when both the underlying stock and the DR are traded (fifth column). TAR models are estimated using only observations of the premium when both stocks are traded. "Thres" refers to the threshold estimated by the TAR model and LLR is the accompanying log likelihood ratio of the TAR significance test. Thresholds are expressed in percentage terms, and reflect both the lower as well as the upper band. Half-life of the TAR model reflects the half-life of a shock when outside the band of no-arbitrage. Half-lives are equal to ln(0.5)/ln(1-beta). "Percent in" indicates the percentage of the observations that falls in the no-arbitrage regime. P-value reflects the empirical p-value of the LLR statistic based on Monte Carlo simulations. Observations are based on the TAR model (in general the observations of the AR model are the same, except in some cases where more lags were needed to correct for serial correlation). Both TAR and AR models are corrected for heteroskedasticity and serial correlation. In some cases it was impossible to correct for heteroskedasticity and/or serial correlation, so no half-lives could be estimated. ***, **, * refer to significance at the one, five, and ten percent level, respectively. 
